Traumatic experiences are not unusual in pediatric heart transplant (HT) recipients before and after transplantation. Post-traumatic stress symptoms (PTSS) present at the time of transplant evaluation and developing afterward occur with an unknown frequency. We sought to determine the burden of these symptoms in heart transplant patients. We reviewed 51 consecutive HTs between 2003-2007, including 40 primary transplants and 11 retransplants. Symptoms were present in 17 of the 51 patients (34%) at the time of orthotopic heart transplantation evaluation. None met the criteria for full post traumatic stress disorder. Transplant complications were examined. Nineteen subjects of the total sample had rejection in the first year following transplant. Rejection rates in the first year was 41% for those with PTSS (7 of 17 patients) and 36% for those without (12 of 33 patients) (P=n.s). Of those patients presenting for a second heart transplant, 55% had PTSS at the time of transplant evaluation and/or the peritransplant period; whereas, (28%) undergoing a primary transplant had PTSS. In addition to symptoms resulting from the disease process leading to HT and other prior experiences, the HT itself seems to present a large psychiatric burden on patients. All patients need to be followed before and after HT for signs and symptoms related to PTSS. Future studies should be undertaken to determine if preventative detection and treatment of patients with these PTSS symptoms early can lead to better outcomes.
Introduction
With continued improvement in medical outcomes of pediatric heart transplantation (HT), there is increasing interest in understanding the impact of transplantation and post-transplant care on the psychological functioning of these recipients. The challenges of life-long medical visits, adherence to medications, and procedures to monitor rejection after solid organ transplant places undue stress on the patient and their families. 1 Heart failure results from a variety of congenital and acquired cardiovascular diseases. It is one of the most common chronic conditions affecting adults, especially the elderly. However, many children and adolescents with heart failure, first present for medical care with severe symptoms already at end stage. Many are hemodynamically compromised requiring intensive care or invasive therapies such as placement of ventricular assist devices or extracorporeal support prior to medical stabilization with heart transplantation. Traumatic experiences, then, are not unusual in pediatric heart transplant recipients. Mintzner et al. found that 30% of adolescents who underwent solid organ transplant displayed symptoms of stress, from posttraumatic stress symptoms (PTSS) to post-traumatic stress disorder (PTSD). 2 Previous work by investigators in the area of PTSD has examined medicalized children. 3, 4 However, lesser degrees of psychiatric symptoms and disease states still may have a critical effect on the well being of children with chronic disease (such as heart transplant recipients), but have been minimally explored. In this retrospective chart review, we investigated the frequency of PTSS during the transplant evaluation and peritransplant periods in first time and repeat transplant recipients, as well as short and long term outcomes. Additionally, we investigated whether the rates of rejection or death differ in those pediatric heart transplant patients that experience PTSS compared to those without these symptoms. The goal of this study is to establish a framework to explore potential avenues for further investigation into the impact of posttraumatic stress symptoms in pediatric acute and chronic illness and transplantation.
Materials and Methods

Selection of subjects and clinical characteristics
This study was conducted with approval of the institutional review board for the University of California, Los Angeles (USA). A retrospective chart review was conducted of hospital records, operative notes, and outpatient notes of all pediatric patients (0 to 20 years) who underwent orthotopic heart transplantation at our institution over a three year period from January 2004 through February 2007 and subsequent follow up. We reviewed medical history to ascertain underlying cardiac diagnosis, occurrence of rejection, and posttraumatic stress symptoms reported by patients to practitioners. Clinic visits up to one year post-transplant were included in the chart review and long term outcome including death or graft loss by three to five years post-transplant was recorded. Encounters included those for both the routine pre-transplant psychosocial evaluation and additional consultations requested by patients and or practitioners for the evaluation and treatment of behavioral complaints or concerns for psychiatric involvement. Evaluating practitioners included clinical social workers (who perform routine pretransplant evaluations) and child psychiatrists or psychologists consulted when concerns for psychiatric pathology were present. Charts were reviewed for any post-traumatic stress symptoms listed under the DSM-IV's diagnostic criteria for PTSD including: re-experiencing, avoidance, and hyperarousal symptoms as documented in psychiatric and social work notes prior to transplant. According to the DSM-IV, 5 re-experiencing was defined as repetitive play, anxiety, or nightmares. Hyperarousal symptoms were defined as increased startle, irritability, or insomnia. Social impairment was defined as not playing with others or poor adjustment in school. Avoidance symptoms included detachment or regression in development. For the purpose of this retrospective chart review, patients with at least one symptom in any category at any time (prior to or within one year of transplant) were considered to have PTSS. Patients were considered to have had a rejection episode if a biopsy or autopsy showed histologic evidence of humoral or cellular rejection, treatment was given for clinically suspected rejection with 
Statistical analysis
Frequency of PTSS was treated as a categorical variable for analysis. Categorical variables were analyzed using the Pearson chi-square test. Continuous variables were analyzed using the t-test. For demographics (gender, age, religion, ethnicity, PTSS, and caregivers), frequency was calculated. We also compared frequency of post-traumatic stress symptoms and rejection (as defined above). All statistical tests were two-sided, and a P<0.05 was considered significant. The analyses were performed using PASW Statistics-Version 18.0.
Results
Characteristics of the study population
Between January 2004 and 2007, 59 children and adolescents under 21 years old received heart transplants at our institution. We excluded all patients under the age of 2 years, as these patients are difficult to evaluate for psychiatric illness. After excluding these patients, our cohort had 51 patients, including 40 primary transplants and 11 re-transplants. The mean age for the entire cohort was 12.3 years with mean age at the time of primary transplant 11 years (range 2 to 18 years), and for retransplant mean age was 14.6 years of age (range 9-20 years). Average wait time for an organ for the entire cohort was 49 days, with a wait time of 37.8 days for the primary transplants, and 70.9 days for the retransplants. In both the primary transplant and retransplant groups, males and females were evenly distributed (20 and 20 vs. 5 and 6 respectively). Age, gender and ethnicity of our entire cohort is summarized in Table 1 .
Pretransplant incidence of post traumatic stress symptoms
We examined the incidence of PTS-related symptoms present at the time of heart transplantation, specifically those noted in the peritransplant period. Post traumatic stress symptoms were present in 22 of 51 patients (43%) at the time of HT evaluation. No patients met the criteria for a clinical diagnosis of PTSD. According to the Diagnostic and Statistical Manual (DSM) of Mental Disorders, Version 4, 5 patients with PTSD fall into 3 symptom clusters: re-experiencing, avoidance, and arousal. A clinical diagnosis of PTSD requires that the patient have symptoms for at least a month, and have one re-experiencing symptom, three avoidance symptoms, and two hyperarousal symptoms. Re-experiencing symptoms include recurrent and distressing recollections of the event, repeated distressing dreams of the event, acting flashbacks, intense psychological distress at exposure to reminders, and physiologic reactivity to reminders. Avoidance symptoms consist of efforts to avoid thoughts or places associated with the traumatic event, inability to recall important aspects of the event, diminished interest in activities, feelings of detachment from others, restricted range of affect, and a sense of foreshortened future. Increased arousal is characterized by difficulty falling or staying asleep, irritability, difficulty concentrating, hypervigilance, and exaggerated startle response. No patients in our chart review met diagnostic criteria for PTSD; however, any patient that was documented as having at least one symptom from any diagnostic category was considered to have PTSS. In our sample 17 patients (34%), 1 or more post-traumatic stress symptom. Some patients had more than one of each type of symptom. For instance, a patient could have nightmares and anxiety (both symptoms of reexperiencing) as well as irritability, which is part of increased arousal. Interestingly, we noted the presence of other co-morbid psychiatric symptoms in our sample, and found that depressive symptoms were also relatively high (22%) in pediatric patients in the pre-evaluation and peritransplant phase of heart transplantation (Table 2 ).
Posttraumatic stress symptoms in patients undergoing repeat transplantation
We found no significant differences between the frequency of post-traumatic stress symptomsin patients requiring re-transplant compared to those undergoing a primary transplant. However, we noted that out of the 11 subjects with prior transplant, 6 (55%) had PTSS at the time of transplant evaluation and in the peritransplant period, 5 (45%) did not. Of the 11 with a prior transplant, only 2 had depression and both of these patients had PTSS as well. The frequency of prior transplant patients with PTSS gives us an opportunity to think about the long term effects of the transplant on the patients' mental well being. 
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Frequency of rejection and death
We also sought to determine if the presence of post-traumatic stress symptoms had an impact on transplant complications by examining the frequency of death and rejection in the cohort. Nineteen patients had rejection based on our criteria within the first year. Among 33 patients without PTSS, 12 (36%) had rejection and 21 (64%) had no rejection. Seven of the 17 patients (41%) with PTSS had rejection and 10 (59%) had no rejection (P=n.s).
Discussion and Conclusions
Few studies have examined incidence or effects of PTSS in pediatric heart transplant recipients. The pediatric heart transplant recipients at our institution are often first encountered in the end stages of heart failure, requiring assist devices and other invasive procedures to bridge the patients until transplantation. Undoubtedly, this is very traumatic to the patient and family, and not surprising that over one-third of the patients in our cohort displayed symptoms of PTSS. Mintzner et al. found that 30% of adolescents who underwent solid organ transplant displayed symptoms of stress, from PTSS to PTSD. 2 Avoidant symptoms as part of PTS may contribute to non-adherence. 6 Because adherence could not be rigorously measured in this retrospective study, we extrapolated for the presence of this behavior using frequency of rejection. Although we found that many of our patients had both posttraumatic stress symptoms and rejection, we did not find an association between the two. This lack of association between symptoms and rejection could have been attributed to a number of factors including a small sample size and lack of a formalized assessment protocol of psychiatric symptomology. Even though our pretransplant evaluation is thorough, involving a multidisciplinary team, psychiatry consults are not done on every patient, particularly younger, preverbal patients. While we did not find an association of PTSS with death or rejection, other variables leading to poor outcomes, such as adherence to treatment, could be affected by psychiatric symptoms. Further studies designed to capture these data would be required.
At the outset, we hypothesized that pretransplant illness may be a major contributor to symptoms. The significant number of patients in this cohort receiving repeat transplants allowed us to examine effects of the transplant process itself on incidence of PTSS. Although we observed that patients undergoing retransplant displayed more post-traumatic stress symptoms prior to the second HT than their counterparts undergoing primary HT, the difference was not statistically significant. Still, the frequency of traumatic stress symptoms observed through this chart review prompts further investigation. Rather than the disease process leading to HT representing the most significant stressor, the HT itself seems to present a large psychiatric burden on patients. Other factors may also contribute. Retransplant patients had longer wait times. These patients tended to be older, in the adolescent age group, and studies have shown that this group of patients are the most nonadherent. 2, 7, 8 Our results lead us to believe that a future larger prospective study aimed at assessment of and evaluating effects of interventions for PTSS both at the time of transplant and at intervals after transplant would be beneficial.
This study is subject to many limitations. We performed a retrospective chart review without the advantages of prospective data collection and a validated instrument such as those utilized for the assessment of PTSD. 9 Clinical notes cannot provide reliable diagnoses best employed in research studies. It would not be possible to determine causative factors related to posttraumatic stress symptoms, as some symptoms noted in patients in this cohort may be found even in normal children. Through this chart review, we had no method to determine the impact of cognitive impairment known to be present in some children after cardiac surgery (such as heart transplant) on patient reported symptoms. However, we feel that a survey of post-traumatic stress symptoms in a cohort of patients at risk for trauma and potential cognitive impairment, can provide researchers and clinicians knowledge regarding symptom burden and potential for intervention with this vulnerable population.
The goal of this retrospective study was to characterize the types and frequency of posttraumatic stress-related symptoms present in pediatric patients at the time of HT and assess needs in this cohort. Given the frequency of PTSS symptoms in our cohort (over one-third of the sample), there seems to be a high need for psychiatric care among pediatric heart transplant recipients. Currently, lack of mental health resources is a problem for pediatric and transplant patients and can impede on much needed psychiatric and/or psychological care. Useful interventions based on these data could include use of surveys and standardized quality of life forms given to pretransplant patients and their parents to elicit symptoms that occur commonly in these patients. Based on the responses, interventions can then be addressed and implemented pre-transplant with hopes that this will lead to better patient coping and, in turn, lead to better adherence post-transplant. The ultimate goal would be reduction in posttraumatic stress symptoms, through the identification and addressing of psychosocial issues, and continual quality improvement initiatives specifically geared towards pediatric heart transplant candidates and their families. 
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